Abstract. Optical scintillation was measured for horizontal paths 120 to 600 meters long, about 1.5 meters above uniform surfaces, both snow and grass. The results are related to temperature profiles, wind speeds, Richardson numbers, and path lengths. Power spectra of scintillation measured under various conditions of stably stratified flow are presented and discussed.
INTRODUCTION
Variations in density associated with turbulence produce distortions in wave phenomena propagating through the atmosphere. The distortions may be described as perturbations in both the amplitude and the phase of the incident wave. In the field of optics, the effects of perturbations have been termed scintillations by the astronomers, who, since the time of the first telescopes, have been plagued with erratic stellar images caused by atmospheric turbulence. In ordinary optical work the distortions of amplitude and phase appear as fluctuations in brightness and color and are sometimes referred to as brightness scintillation and color scintillation [Ellison, 1954] The spectral data shown in Figure 8 , as well as those described below, were obtained directly from the (frequency modulation) analog recording on magnetic tape. The original signal for a 2-minute interval was re-recorded on a 75-foot tape loop that could be replayed at various speeds on a tape loop machine capable of a factor-of-8 time compression. The signal was demodulated, and its analog was supplied to a wave analyzer. The system permitted measurement of the rms amplitude in any 1.25-cps band over the range of 2.5 to 2500 cps. A similar method of spectral analysis has been described by Parks [1960] .
Spectral analyses were made for eight 2-minute periods of scintillation recording obtained in inversion conditions over snow. Pertinent meteorological and scintillation data are listed in Table 1 . The periods were selected to cover a wide range of visual resolution conditions, and they represent independent observations insofar as all except periods I and III were measured on separate days. These two were recorded on the same day but were more than 30 minutes apart. Results of the analyses are presented in three different ways in Figures 9, 10, and 11 . Each of the three figures shows all eight spectra, but the different representations facilitate comparison of the spectra in relation to flow properties.
In Figure 9 , the spectra are shown as measured. The most striking differences among the spectra appear in the total power represented for the low frequencies, in comparison, for example, with the spectra in group 3, which represent periods of comparable cross wind, support the idea that internal gravity waves were responsible for much of the scintillation observed during these periods.
The effect of cross-wind speed should be seen by comparing groups 3 and 4, which have comparable Richardson numbers but cross-wind speeds that differ by a factor of 2. Although these two groups are quite similar, a small shift in relative power to higher frequencies for the higher cross-wind speed may be noted. Between 7.5 and 35 eps the relative power in group 4 is consistently higher than that for group 3, with the opposite trend below 5 eps. It should be noted that Ri for period VIII in group 4 was +0.35. This may be responsible for the relatively high power indicated at 5 eps for this period. It is not clear why the relative power at 40 eps is higher for group 3 than for group 4.
The single spectrum identified as group 2 for convenience represents a period of small Ri (+0.01) and relatively high cross wind. An expected decrease in power for the lower frequencies is dearly evident.
In Figure 11 Tatarski's theoretical value for ra, postulated for an infinitely small aperture, is 0.155. He found, however, an average experimental value of 0.32 for 80 spectra obtained with a 2-mm aperture. It is not surprising, therefore, to find an average ra of 0.22 for these data obtained with a 3-inch aperture.
There appears to be little correlation be- The spectral data presented here must be regarded as a limited sample of scintillation characteristics possible under a wide range of stable conditions over snow. Spectral analysis of additional data is currently under way to explore further relationships between spectral characteristics and flow conditions.
SUMMARY AND CONCLUSIONS
The average intensity of optical scintillation over a horizontal path in turbulent flow near the ground was found to increase systematically with increase in absolute magnitude of the mean vertical temperature gradient. For stable conditions over snow a larger number of observations indicated that, for a given temperature gradient, scintillation intensity increases with increasing wind speed. The snow data were normalized with respect to mean temperature gradient, and it was found that resulting ratios decreased systematically with increasing ( The results reported here represent preliminary findings of a natural phenomenon fairly common in the earth's atmosphere. Analysis in terms of thermal stability, wind speed, and Richardson number permits application to various scientific and engineering problems involving electromagnetic propagation through the atmosphere. In addition, there exists the possibility of using optical scintillation t.o study average atmospheric turbulence characteristics in long paths over inaccessible areas such as forests, glaciers, or water surfaces.
